different stages of hypothalamic obesity. In the first few days after operation rats ate twice the normal amount of food, yet the glucose level was normal; NEFA and insulin levels were raised, but they became normal during fasting. Evidently the pancreas could maintain 'glucostasis' at this stage without help from the ventromedial nuclei; moreover damage to the nuclei did not upset carbohydrate or fat metabolism except indirectly through overeating. When static obesity developed, fasting as well as fed levels of NEFA and insulin rose still higher, as did the glucose level in the fed rat. Glucostasis evidently failed in the long term in spite of a high insulin level, presumably because the high NEFA level increased insulin resistance. At the same time obesity, like starvation, increased the utilization of fat rather than carbohydrate for energy purposes, and this would be expected, according to the glucostatic theory, to raise food intake instead of inhibiting it. Similar objections applied to NEFA levels as a signal, since they rose in fasting and in obesity. The most likely messenger was insulin itself, which rose after feeding, rose still further in obesity and fell during starvation.
Obesity and growth: Hypophysectomy, which stops true growth, does not interfere with the production of hypothalamic obesity (Brobeck 1946) . Kennedy & Parrott (1958) found that hypophysectomy reduced the food intake of hyperphagic rats, as it did with normal ones, but a relative hyperphagia persisted. Hales & Kennedy (1964b) found the same kind of proportionate differences in NEFA and insulin levels between fat and thin hypophysectomized rats as in normals. It is noteworthy that insulin, which Renold et al. (1965) call the primary hormone of energy storage, seems to play the same part in obesity whether the pituitary is present or not.
Dwarfing can also be produced by hypothalamic lesions in infant rats, with or without obesity (Kennedy 1957) . Dwarfed rats, like hypophysectomized ones and normal adults, rapidly become fat if the ventromedial nuclei are damaged. The development of obesity after ventromedial lesions is delayed, however, in infant rats that continue to grow normally. Such rats do not become obese until their growth slows down in the natural course of time, and this may be partly due to the lipostatic action of growth hormone, which causes retention of nitrogen at the expense of fat deposition. On a weight-for-weight basis, infant rats eat twice as much as adults. Not all of the food is used for growthmuch of it goes to sustain the high metabolic rate of the infantbut the overall effect is to dispose of a large intake without storing fat. Since a central lipostatic regulator is not required, its destruction in the infant is without apparent effect, unless or until growth is slowed down. The progressive restraint of intake during the natural waning of growth appears to be the major long-term function of the ventromedial nuclei. It is also possible that lipid mobilization by growth hormone plays a part in the short-term control of eating, for Hunter et al. (1966) and Hunter & Rigal (1966) have shown that plasma growth hormone increases in both children and adult humans three to four hours after a meal, and they suggest that this triggers off a rise in NEFA level in the blood to replace glucose as a source of energy. In 401 healthy males and 97 men with occlusive vascular disease of the lower limbs (Rifkind & Begg 1966 ) positive correlations were found between serum triglyceride levels, measured directly, and relative body weight. Significant correlations were also found between serum beta-lipoprotein or cholesterol levels, and relative body weight. Serum phospholipid or plasma free fatty acid levels were unrelated to relative body weight. The correlation coefficients were moderate to low grade. Study of the lipid values in relation to relative weight showed that: (1) Subjects with hypercholesterolbmia, hypertriglyceridcmia or hyperbetalipoproteinemia usually exceededi1 0 % standard weight; for example, 80% of subjects with triglyceride levels over 150 mg/100 ml exceeded 110% standard weight, compared with 35 % of subjects with levels below 100 mg/100 ml; corresponding figures for those with cholesterol levels above 275 mg/100 ml and below 225 mg/ 100 ml were 69% and 36%. (2) The chances of running high lipid levels were greater in heavier subjects; 42 % of subjects with relative weights in excess of 110% standard weight were hypercholesterolemic (275 mg/100 ml) compared with 23% of those below 110% standard weight; similarly, 29% of the heavy subjects were hypertriglycerideemic (150 mg/100 ml) compared with only 7 % of the lighter subjects; nevertheless many obese subjects maintained average or low lipid levels.
(3) Lean subjects usually had low triglyceride and cholesterol levels.
Serum triglyceride levels were found to be significantly elevated in a group of markedly obese females, although levels varied considerably. Albrink & Meigs (1964) suggested that variation in lipid levels of obese subjects might be due to the existence of two types of obesity, the congenital and acquired characterized by different patterns of subcutaneous fat distribution. This hypothesis was tested by dividing our obese females into two groups according to whether their serum triglyceride levels were low (mean 79 mg/100 ml) or high (138 mg/l00 ml). The groups did not differ in their mean relative body weight or in subcutaneous fat distribution as assessed by measurement of ulnar, triceps and subscapular skinfold thicknesses. Since isocaloric substitution of dietary sucrose for starch leads to increases in triglyceride levels (McDonald & Braithwate 1964) , different sources of dietary carbohydrate may account for the variation in the lipid levels of obese subjects.
Electrophoretic analysis (Lees & Hatch 1963) of the serum lipoproteins of the obese females showed only 2 subjects to have normal patterns. A chylomicron band of variable extent was seen in all the others, almost half of whom also had a pre-beta-lipoprotein band; many had so-called 'trail' lipid. The obese subjects with increased pre-beta-lipoprotein may be consuming their excess calories largely in the form of carbohydrate (Lees & Fredrickson 1965) . The chylomicron band also found in such subjects may reflect a delay in the clearance from the plasma of dietary fat, secondary to the increased amount of endogenously derived pre-beta-lipoprotein (Nestel 1964 ). In subjects with increased chylomicron lipid, but without pre-betalipoproteinamia, a high dietary fat load with prolongation of the consequent lipiemia overnight into the sampling period or an impaired mechanism for handling dietary fat may be responsible.
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Heat Production in Adipose Tissue
Adipose tissue stores chemical energy in the form of fat but by virtue of its position under the skin it also acts as insulation against cold and at other sites it may be a supporting pad or protective cushion. Recent biochemical investigations have shown that adipose tissue is more active metabolically than was supposed and this has led to the suggestion that adipose tissue may also be a site of heat production during cold exposure (Ball & Jungas 1961 , Cahill 1962 , Smith 1962 . Before discussing the physiological evidence that adipose tissue is involved in thermoregulatory responses it is necessary to distinguish between two forms of adipose tissue, white and brown. The characteristics of the common white adipose tissue are well known. The less familiar brown adipose tissue, although prominent in many new-born mammals, is present in relatively small amounts in most adult mammals including man. Hibernating mammals are a notable exception. Brown adipose tissue is found deep within the axillae and around the vessels and organs in the neck, thorax and posterior abdominal wall. Each cell of brown adipose tissue usually contains many
